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SOUTCfB IIBArt in Hnlornl n oa|n ■ p n i f ^ 

The invention relates to apparatus for depositing layers 
of semiconductor material upon a substrate under vacuum 
conditions. More specifically, the invention relates to 
Molecular Beam Epitaxy apparatus, particularly to an 
improved source design for use in such apparatus. 

There are many deposition techniques which may be used in 
the manufacture of semiconductor devices. One such 
technique is Molecular Beam Epitaxy (MBE) , in which 

epitaxial (i.e. single- crystal) layers of 

materials are deposited upon a substrate wafer. The 
technique involves placing the material which is to be 
deposited inside the crucible of an MBE source within an 
ultra-high vacuum (UKV) system (< io-*° Torr) , and 

15 heating the crucible. The material is thus 

vapourized and a beam of the material is formed, the 
characteristics of which depend on the source design. In 
MBE, the beam is a so-called "molecular beam-, which can 
be defined as a collimated beam of atoms or molecules at 
low pressure, in which all the particles are travelling, 
in the same direction and few collisions occur between 
them. This molecular beam travels from the source to 
impinge upon a substrate wafer where the material is 
deposited. Layers of different materials are formed .by 
providing a plurality of sources containing, for example, 
Gallium, Indium, Aluminium, Arsenic, etc. In this way, 
semiconductor devices may be manufactured. 

The deposited — — layers must fulfil stringent 

criteria in order to be useful for device manufacture 
30 One requirement to be satisfied is that the layers must 
be uniform. Commonly, the substrate is rotated in order 
to improve the uniformity of deposition. Other 
requirements are freedom from impurities and surface 
defects. As mentioned, the source design greatly affects 
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the nature of the layers, and much research has been 
performed on the properties and behaviour of various 
different source designs. 

Figures la - le are diagrammatic representations of 
5 various known source configurations, and figures 2a - 2e 
show the profile of the layer deposited using each 
configuration. The figures are not to scale. 

Figure la shows a simple cylindrical crucible (i) with an 
open neck, known conventionally as a K-cell. This makes 
10 good use of the heated volume, and a high vapour flux may 
be obtained. As can be seen from Fig 2a the layer 
uniformity over the central portion of the wafer (2) is 
fairly good, but the uniformity falls off towards the 
edges of the wafer. If a smaller wafer is used, spanning 
15 only the central portion, layer uniformity is improved 
but a large amount of material misses the wafer and goes 
to waste. Another drawback of the open-necked cylindrical 
crucible is that as the level of material in the crucible 
decreases, the length of crucible through which the 
20 vapourized material leaving the surface of the material 
must pass before exiting the crucible mouth is increased, 
which results in increased collimation of the "beam" of 
vapour. Thus, since the degree of collimation changes as 
the level of material becomes lower, the beam profile 
25 alters over time, reducing the reproducibility of 

substrate deposition, and the stability of deposition 
over time. Another problem is that recondensed droplets 
of material at the neck of the crucible result in oval 
defect formation on the substrate. A common solution to 
30 this problem is to provide the source with additional 
heating means around its open end, thus forming a two- 
zone source. 

Fig lb shows a conical crucible (3), which addresses some 
of the problems of the cylindrical crucible. This is also 
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a type of conventional K-cell. Because of the shape the 
"beam collimation" problem is less relevant As ™* 

ZTJT laySr Unif0rmi ^ is »1~ although 

material wastage is high. The design of the conical 

crucible does not, however, avoid the problem of oval 

defects although as before, additional heating means may 

be provided so as to form a two- 2 one source. Furthermore^ 

heat loss xs higher due to the wide mouth, and the use of 

10 as e th!T d T 1Ume iS inefficient ' *-ottar problem is that 
as the level of material in the crucible falls, the 
surface area of material decreases so that the material 
flux also decreases, thus layers take longer to build up. 

Another crucible design is shown in Fig i c . This is a 

is %> in H ri ri crucibie (4) havins a thin fiat «~ ***** 

(5) whxch has a circular orifice. This is a true Knudsen 
effusxon source, producing a molecular beam of 

— — material. The terms -Knudsen effusion" or 

Knudsen source" refer to the type of material flow 
produced by the source - Knudsen flow occurs at low 
20 pressures when the mean free path of the molecules or 

atoms forming a gas is large compared with the dimensions 
of the pipe or channel through which the gas is flowing 
The operating characteristics of Knudsen MBE sources 
affect the characteristics of the molecular beam formed 
and thus the characteristics of the deposited layer The 
figure ic design, as can be seen from Fig 2c, produces 
fairly good uniformity across the wafer. Significant 
drawbacks of this design, however, are the very high 
material wastage and the low flux. Another known design 
related to that of Fig ic, is shown in Fig ld . This J a 
closer approximation to a true Knudsen source, and indeed 
is conventionally known as a Knudsen cell. The orifice 
Plate (6) is thicker, which results in greater 

35 " ° f ^ : bea - Fi * ™ ^ows that 

materxal wastage is thus much diminished, although this 
is accompanied by a loss of uniformity over the wafer 
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Some characteristics are common to 1c and id. Since th« 
nature of the _ beara is defined ' ^ 

orifice dimensions, rather than by the amount of material 

5 th ^VT, ' the -"—ity will re main constant as 
5 the materxal is depleted. Further, the cover plate 

separates the interior of the crucible -from the rest of 
the MBE oven so that thermal equilibrium may be 
maintained within the source. Also, since the orifice is 
displaced from the crucible wall, the effect of 
10 -condensed droplets is reduced, resulting in fewer oval 

^J' T ^ PrSSenCe ° f the Plate means that the 

crucxble shape does not affect the beam characteristics 
Thus, cylindrical crucibles may be used - these have 
larger capacities than corresponding conical crucibles 
15 and make better use of the heated volume. The heat loss 
xs also low because of the orifice plate. One serious 
drawback is that the narrow orifice is easily blocked. 

Fig. le shows one proposed design which has the above- 

20 Z^lT adVanta9SS ° f the s^e-orifice sources 1c and 
20 id, whxle addressing the problems of uniformity and 

material wastage. This was suggested by Nomura and his 
co-workers in Bull. Res. Inst. Electron. Shizuoka 
Unxversity, Japan, vol. 19 (i) pp 37 . 42 {1984) 
(Nomura #1) and further discussed (also by Nomura et al, 
in J. Vac. Soc. Japan vol. 29 (7) p P 309-314 (1986) 
(Nomura #2) . 

The effusion source suggested by Nomura is similar to 
that shown in Fig. id in that it is a cylindrical 
crucible (4) with a thick cover plate (7). However the 
cover plate disclosed by Nomura has formed within It a 
Plurality of orifice channels, the longitudinal axis of 
each orifice channel being formed at an angle a (alpha) 
to the longxtudxnal axis of the crucible itself. 
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Nomura and his co-workers have studio 

between the uniformity of the lay^dis V 
Var ^ na 1 e Aa y er distribution and 

vmg established suitable criteria € a -r *-u 

5 Peters of the source. Homur " J ! 

ejected be am intensicy ^^"Jj^^"- 

source <5i«^k ^ n a hole 

S • Such a source was also constmrh^ „ 

-JP-.it Antimony onto a glass SUb «™ 2 *IV° 
of the layer profile is shown in Fig 2e Lin h ^ 
10 from the figure, the layer distribution ' if 2 ™* 
over that obtained with the ot„er ^es of 
uniformity over the wafer is suttan! al y IZZ. d 
the beam falls off rapidly outside the wafj 
reducing material wastage. Chus 

" diL Pre T C8 °' * C ° V8r Pl " e bri »* s ">e ^vantages 

number of oval d.c,-., •, ' a re * u =tion in the 

OI 01,81 defects, large crucible capacity 
of heated volume and low heat loss. However ll' t 
»• of orifice blowing stil! exists. Nomu^ It'al atte 

address this problem by making the pitch of it " ^ " 
wire smaller in the region of 'the orifice Plat TlTl 
«orm a two-sone source as discussed previously 

« "v:r b y% r hen s rn io ;:' z "Zzr^r — - 

-/Peb 1978 pp l0 . 12 . This pa ~a r rthe 15 ' " 
theoretical prediction of layer distribution on a 
substrate with actual results obtained r^\T 

Consideration of all the above prior art an „ 
the theoretical ^ - v ' and es Pecially 

Nomura Zl * ^"mental work carried out by 

Nomura and hlS co-workers, leads to the general 
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conclusion that an increase in uniformity of layer 
deposition in an MBE source, together with the other 
aforementioned advantages, may be achieved by the use of 
a thick multi-holed orifice plate having a plurality of 
narrow orifices formed at an angle to the crucible axis 
Both Nomura and Shen agree that the performance, of the ' 
multi-holed source is critically dependent on the ratio 
between the length of the orifice and its diameter (Shen 
uses the radius) . From Figure 2 of Nomura #i and figure 3 
of Shen, we can see that for a ratio of L/d = io, the 
angular spread of the beam is less than 20-, most 
material being deposited within a spread of < i 0 « 
However, for smaller values of L/d, this directionality 
18 lost - The optimum value chosen by Shen is L/d = io, 
15 while Nomura uses either L/d « io or L/d = 7.3. (it 

should be noted that the dashed line in Figure 3 of Shen 
corresponding to "the experimental measurement of a large 

hole with L/r = 6" (i e L/d - i\ j_„^ 

/ © vi.e. wa - 3} does not correspond to 

a Knudsen source as defined above, since the "large 
opening" referred to is 0.84 cm in diameter and 2 54 cm 
long (see Shen p 12 Col 2 lines 4-8) and thus does not 
have the small orifice necessary for a true Knudsen 
source . ) 

However, problems occur when applying these results to a 
production MBE system. Under these conditions, it is 
important that the MBE system can run for as long as 
possible without needing to access the interior of the 
MBE oven, as each time the vacuum is broken the equipment 
may take as long as a few weeks to reattain the ultra- 
high vacuum necessary for defect-free crystal growth. In 
this regard, it is important that orifice blockages do 
not occur, since the down-time involved in unblocking the 
orifice would be extremely costly, if a source such as 
that proposed by Nomura or Shen were used in a production 
MBE apparatus depositing a material such as Gallium, 
Indium, Aluminium, Zinc, Cadmium or Tellurium, orifice 
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blocking could be expected to occur rapidly » . 

a matter of days, even using the type of Zo-zol T 

srri— - — — «~ "-nr. 

S wUhTH P T lem " th3t -»**«<« •* ==ver plates 
ValU ".° f L/d is * co-nplicated and time 
~™^o perati on^ For . cap 2nm thick ^ 

have to be .2mm ln diameter and would tend to block ud 
during manufacture, especially if using . 3row ^o«.a. 
10 Another type of multi -holed cell is shown in „. A . 

ZZ C -P ' This is a cylindrical Libia 

having an orifice plate which has orifice -slits'shaned 
like half-open trapdoors. This design aims to olve^he 

IS herd' mati ° n " Pr ° blem ' ° btain1 " 9 * — angle of 
«• A S022S421) is, however very large, and thus the 
directionality of the beam is not improved by the ! 
Shown in JP-A-S0225421. merely the reproducing of 

20 tZl*T n - A1S " ««~"« °* «» cover n JP-&- 

=0 6022542! „ very complicated and thus expensive to 

inside the "silts- .<«) in JP-A-6022542! would soon lead 
to orifice clogging and down-time. 

It is an object of the present invention to provide an 
« proved source for use in semiconductor deposition 

processes which addresses the problems of known sources 
More particularly, it is a further object of th. „ 
invention to provide an MBE effusion source wn^TT 
the problems associated with known MBE sources « IT 
30 still f urther object 0£ chis invencion ^ t is a 

effusion source which gives good layer uniformity whilst 
r.ducmg material wastage. An additional object of tWs 
invention is to provide apparatus for the deposit on of 
material by mbe using such a source. P° sl "°n of 
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According to one aspect of the invention there is 

i. an open-ended crucible, 

a removable cover plate for covering the open end 
of the crucible, at least one orifice being formed 
an the cover plate, and 

a heating means for heating the cover plate said 
heating means being formed on or within the 'cover 
plate. 

The first heating means may be formed of a suitable 
refractory material on the surface of the cover plate 
Advantageously, however, the heating means is 
encapsulated within the cover plate. Said heating means 
may consist of a layer of electrically conductive 
material encapsulated within the cover plate, the cover 
plate being formed of an electrically insulating 
material. The conductive layer which forms said heating 
means may be formed of a strip or wire of conducting 
material encapsulated within the cover plate, the ends of 
the strip or wire being connected to terminals via which 
current may be supplied to said heating means 
Preferably, the cover plate and/or said integral heating 
means may be formed by a layer deposition process . 

Advantageously, a portion of said heating means is 
disposed in the vicinity of the or each orifice 
preferably substantially surrounding the orifice The 
electrical resistance of the or each portion of said 
heating means which is in the vicinity of an orifice may 
be increased, so that more heat is generated near an 
orifice. This may be achieved, for example, by decreasing 
the cross-sectional area of that portion of said heating 
means . 3 
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According to another aspect of fh= • 
Provided a source for Zt^Lt, ^ 
including an open-ended Zt III Z ^ "°— 

covering the open end of the crucIolV IZ" «" 
5 having a plurality of .rifi r " clble - 'he cover plate 
- cover plate being S^^. !»T *' 
least the region where the orifices are f T " " 
longitudinal axes of each orifice I ^ 
perpendicular to the surface of the ' SUbS " n "*"V 
10 point where that particular cri^ 7T? " 
Advantageously, the cover plate has an 
integral with it. Preferably the k 9 
cylindrical etera "ly. the channels are 
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According to a further aspect th. ; 

apparatus for the deposition of ^ Pr ° VideS 

substrate by Molecular Beam Epitaxy saW m * 

consisting of an evacuated housing conta 

holder for holding the substrate and 9 * S ^'^ 

for generating a bea m of ° °' ° r «« sources 

J™" — -hstrate being disposed so caat^te ^ 

the source is deposited upon the substrate T 

said source consisting of: strata, at least one 

an open-ended crucible ~ 

to be deposited Naming the material 

a cover plate for covering the open end of m. 
crucible, the cover plate having a p !ural ' f 
orifices formed within it n, , P lu »l"y of 
- least some of ^i^^^ 7~ ~ 
angle to the longitudinal axis of LeT ! ** 
first heating means being forLd • CrUClbl *< a 
said cover plate, integrally with 

a second heating means for heating 
contained within the cruciw H h f 
material vapour is generated. ° f 
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Accordxng to a still further aspect of the invention 
there xs provided apparatus for the deposition of 
layers on a substrate by Molecular Beam Epitaxy, said 
apparatus consisting of an evacuated housing 
containing a substrate holder for holding the 
substrate and one or more sources for generating a 
beam of material, the source and substrate being 
dxsposed so that material from the source is deposited 
upon the substrate, at least one said source including 
an open-ended crucible and a cover plate for covering 
the open end of the crucible, the cover plate having a 
Pluralxty of orifice channels formed within it, the 
regxon of the cover plate where the orifices are 
formed being profiled so that when the crucible is in 
use, the longitudinal axes of the channels are 
disposed at an angle to the said substrate which angle 
xs closer to the normal than the longitudinal axis of 
the crucible. Preferably, the longitudinal axes of the 
channels are substantially mutually parallel 
Advantageously, the cover plate has a heating means 
integral with it. Preferably, the channels are 
cylindrical . Advantageously, the region of the cover 
Plate where the orifices are formed is substantially 
flat. Preferably, the longitudinal axes of the orifice 
channels are perpendicular to the plane of the region 
of the cover plate where the said orifices are formed. 

An example of the invention will now be described in 
greater detail with reference to the accompanying 
drawings, in which: 

Figures la-le are diagrammatic representations of 
various known source configurations 

Fxgures 2a-2e show the profile of the layer deposited 

using the configurations of Figures la-le 
respectively, 
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Figure 3 

Figure 4 
Figure 5 



Figure 6 
Figure 7 

Figure 8 

Figure 9 
Figure 10 



is a diagrammatic representation of an MBE 
source according to the present invention, 
shown in cross -section, 

is a front view of the cover plate of the 

MBE source shown in Figure 3, 

is a more detailed front view of an MBE 

cover plate according to the invention, 

the arrangement of the encapsulated 

heating means being shown via a dashed 

line, 

is a cross-section along lines B-B' in 
Figure 5, 

is a schematic representation of an MBE 
deposition apparatus , 

is a front view of a cover plate 
according to a further preferred 
embodiment of the invention, 
is a side view of the cover plate of 
Figure 8, and 

is a schematic representation of the 
crucible of the further preferred 
embodiment in use. 



The figures are not to scale. Referring first to Figures 
3 and 4, an MBE source according to the invention is 
shown generally as 8 . The source comprises a generally 
cylindrical crucible 10 held in a support tube 9 by 
spacer means (not shown) . Crucible heaters 15 are 
disposed within the support tube around the outside of 
the crucible 10 . The crucible heaters 15 serve to heat 
the crucible so that the material within the crucible is 
vapourized. A thin cover plate 11 is removably attached 
so as to cover the open end of the crucible. One means 
(not shown) of attaching the cover plate to the crucible 
is by sitting the crucible in a recessed ring, 
positioning the cover plate and clamping the crucible and 
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cover plate together with another 

b- screwed or otherwise af f i ^ 
Alternatively, bolts may be screwed through the cover 
plate itself, or studs may be attached to, for 
example, a flange surrounding the crucible neck the 
studs passing through pre-drilled holes in the cover 
Plate, nuts being used to eecur, the cover plate in 
place . The 

cover plate 11 has a central portion 12 which is convex 
in shape, and has a number (in this case eight) of 
circular orifices 14 formed within it. In this example 

he orxf ,ces are disposed symmetrically around the region 
12 but it may be advantageous to form the orifices non- 
symmetrically - for example to achieve a more uniform 
flux at the wafer and compensate for any non- 
perpendicular placing of the crucible. 

The cover plate is shown in more detail in Figures 5 and 
6 • In order to heat the cover plate effectively and 
controllably, a graphite heater (shown dashed as 16 17, 
xs encapsulated within the cover plate 11 which may'be 
formed of Pyrolytic Graphite, although it could be 
mounted on the surface of the cover plate. 

The inventors have found that a suitable cover plate may 
have dimensions as follows - the radius of the cover 
Plate (Rcp) is typically -30mm, the radius of the central 
convex portion (R C0NV ) being approximately 20mm The 
radius of curvature of the convex portion ( RC ) is 
approximately 127 mm. The diameter of each orifice (cU) 
is approximately 2mm, and the orifices are arranged 
around the centre of the cover plate at a distance of 
around 10mm from the centre. The thickness of the cover 
Plate is approximately 1. 5mm in the outer portion 
(L outer) and 2mm in the convex region (L \ «~ *.v 
orifice length is around 2mm. The longitudinal axis of 
each orifice is perpendicular to the surface of the cover 
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Plate at the point where the orifice is formed; i.e. the 
longitudinal axis of each orifice coincides with a radius 
of the sphere of radius RC which fits the convex portion 
12 of the cover plate. The orifices are formed at an 
angle a (see Figure 6) of approximately 4 tt 30'. other 
suitable dimensions for the cover plate may be used 
without departing from the scone B f ^ • 

^uionax orifices My :i::i:TroZTz, ^ - 

«»«Ple at the centre of the cover plate. 
The cover plate heater 16. 17 ls Dref .„ M „ 

Plate, although a wire heater nay be u.ed. or 
alternatively a auitable heater formed on the surface of 
the cover plate. The heater has two regions- the ~ 
U disposed away fro™ the orifices 1, Ling ' f i^ 
<« 2 m F 1S ure 5) and the region 1, disposed in the 

nr ^ ° r " iCeS " ^ — <«> n Figure 
5) • in this way, the resistance o£ the heater is 

increased in the vicinity of the orifices 14 so that 
heatmg win be greater « the ori£ices . Electri ^" 
connectors 13 are also formed which serve to connect the 
cover plate heater to a source of electrical current. 

Figure 7 is a schematic representation of an mbe 
apparatus using the above Invention. A source 8 
comprising a support tube 9 . crucible 10. cover plate 1! 
and crucible heater ir io a, , pj-ace 11 

cxme heater 15 is disposed within a vacuum 

housxng 30. The crucible heater may be of the tvo! „ 
in US4SS04H or any other suitable^ . A substrate 2^ 
upon which material is to be deposited is held by a 
rotating substrate holder 24 which is heated by a 

erfTr"^ ^ ' R ° tati0n ° f the s ^—te holder is 
effected by drive 26 under the control of drive control 

:r: 21 • wh±ch may ais ° ««* ^ s^zt 

the heater 25. The substrate holder and i ts feedtnroul 

are preferably of the type shown in US494S774 

other suitable types may be used. although 
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When Gallium is us d as an * 

r - c P e rated at «z7£Tr r^r 1, the ~ u 

temperature My advantageoueiy be tZT Cap 
the cell temperature J n bS thS 8 ""° " - 
optimum operating tenpe ^;^ ~- are us.d. 

r::t: S ei h ;:r:r:: » 

aoes not interfere with C ne " «*". P ° Siti0n ' *™ " 
». by shutter «."^rjL* e " UMd Mt «^ 
shutter control means 20 Tne'sW, """^ ° f 

is a rotate type shu er but othe" sT" *" 
may alao be uaed. in particular cnsT ! " move "»°« 
which i. preferred. r " CUlar that ""own in USS02SO4 

Crucible heater is is controlled by control _ 

as to heat the material 31 * • , ° ntro1 "••»« 21 so 

-typically Gallic "^um £ZT ^ ^ 
Tellurium to for. beams 7* of^rfZd T " 
cover plate heater is controlled h ^ ' "» 

Other source assemblies"" 23 l^T M " 
hs provided, so that epical ayerTof 
-teriala may be grown on substrate^ 

spparatus are ^2^" 1^,^ «~ » E 

Pure, for the crucible and tanta!™ tJTTf ^ S '- Sm 

crucible heater. The crucible heat"r Z I ** 

shields (not ahown, associated with ^ T 

shroud «not shown, nay be -ling 

source, other parts of the MBE apparatus „ 

and have not been described. are conventional 
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lIlHTt.!V deposition P roc « s - Typically. , first 
layer of Pyrolytic Boron Mtllde forM ehe ^ 

the cover plate. This layer is typically . x. 7 „» Lick 
and is formed having a convex portion as shown. The 
Pyrolytic graphite heater layer (typically 0.05 mm thick) 
is then deposited upon the base layer. This heater layer 
is then machined to form a track as indicated by 16 in 
Figure 5. As mentioned previously, the heater layer may 
typically be wider at the outer part of the cover member 
and narrower in the region of orifice formation, so that 
more heat will be generated in the orifice region when 
the source is in operation. The orifices 14 are then 
formed e.g. by drilling with diamond- coated drills or 
laser drilling for very small holes. Then, the top layer 
of Pyrolytic Boron Nitride is grown, this top layer being 
typically 0.25 mm thick. Subsequently the PBN cover layer 
is removed in the area of the electrical contacts and 
finally the underside is machined to give a flat surface 
and a rim thickness of typically l.5mm. The orifices are 
typically 2mm in diameter. 

Figures 8, 9 and 10 show a further preferred 
embodiment of the invention. The cover plate (32) of 
this embodiment also has an encapsulated Pyrolytic 
Graphite heater (16, 17) with electrical contacts 
(13) . The number of orifices (33) has, however been 
increased - in this example there are over 140 - it 
having been found that there is some advantage in this 
in terms of uniformity of deposition. The orifices 
(33) are also typically smaller, being only lmm wide. 
It has been found that the presence of the 
encapsulated heater (16, 17) is sufficient to prevent 
substantial orifice blockage. In this particular 
example, the cover plate is attached by means of studs 
attached to a flange surrounding the crucible neck, 
the studs passing through pre-drilled holes in the 
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cover plate, nuts (e.g. 39, Fig i 0 ) being used to 
secure the cover plate in place. Furthermore, the 
cover plate is profiled as shown in Figure 9, having a 
profiled portion (35) in the centre of the cover plate 
(32) which is manufactured at an angle Y (gamma) (in 
this example, approximately 20«) to the outer portion 
of the cover plate. The orifices (33) are formed in 
this flat, circular region (the region being flat for 
ease of manufacture) and the orifice axes are 
perpendicular to the plane of the central region (35) , 
one orifice axis (36) being shown diagrammatically in' 
Figure 9. 

Figure 10 shows the cover plate (32) in use. Only the 
crucible (10) and cover plate (32) are shown, the 
crucible support tube, crucible heater and rest of the 
deposition apparatus having been omitted. The 
longitudinal axis (37) of the crucible is disposed at 
an angle 4> (phi) to the vertical (38) / which is 
typically around 36». The orifice axis (36) is 
therefore disposed at an angle e (theta) (» 4> - y ) to 
the vertical. Typically this angle is around 16°. This 
improves uniformity of deposition at the wafer 
compared to having the orifice axis parallel to the 
crucible axis. 
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CLAIMS • 

1 • A source for molecular beam epitaxy including an 
open-ended crucible and a removable cover plate for 
covering the open end of the crucible, at least one 
orifice being formed in the cover plate, characterised 
in that a heating means is provided for heating the 
cover plate, said heating means being formed on or 
within the cover plate. 

2. A source as claimed in Claim 1 wherein the 
heating means is formed of a suitable refractory 
material on the surface of the cover plate. 

15 3. A source as claimed in claim l wherein the 

heating means is encapsulated within the cover plate. 

4. A source as claimed in Claim 3 wherein the 
heating means comprises a layer of electrically 
20 conductive material encapsulated within the cover 

plate, the cover plate being formed of an electrically 
insulating material. 



25 



30 



35 



5. A source as claimed in Claim 5 wherein the 
conductive layer which forms said heating means is 
formed of a strip or wire of conducting material 
encapsulated within the cover plate, the ends of the 
strip or wire being connected to terminals via which 
current may be supplied to said heating means. 

6. A source as claimed in any of claims 1-5 wherein 
the cover plate and heating means may be formed by a 
layer deposition process. 

7. A source as claimed in any of Claims l-s wherein 
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a portion of said heating means is disposed in the 
vicinity of the or each orifice. 

5 it J r u ! ce as ciaimed in ciaim 7 wherein 3 

of the heating means substantially surrounds the 
orifice . 

9 A source as claimed in claim 4 and 7 or 8 wherein 
the electrical resistance of the or each portion of 
10 said heating means which is in the vicinity of an 
orifice is increased, so that more heat may be 
generated near an orifice. 

10. A source for molecular beam epitaxy, the source 
15 including an open-ended crucible and a cover plate for 
covering the open end of the crucible, the cover plate 
having a plurality of orifice channels formed within 
it, characterised in that the cover plate is outwardly 
convex in shape in at least the region where the 
20 orifices are formed, the longitudinal axes of each 
orifice being substantially perpendicular to the 
surface of the cover plate at the point where that 
particular orifice is located. 

25 11. a source as claimed in Claim 10 wherein the cover 
plate has a heating means integral with it. 

12. Apparatus for the deposition of layers on a 
substrate by Molecular Beam Epitaxy, said apparatus 

30 consisting of an evacuated housing containing a 

substrate holder for holding the substrate and one or 
more sources for generating a beam of material the 
source and substrate being disposed so that material 
from the source is deposited upon the substrate, at 

35 least one said source including an open-ended crucible 
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and a cover plate for covering the open end of the 
crucible, the cover plate having a plurality of 
orifice channels formed within it, characterised in 
that the region of the cover plate where the orifices 
are formed is profiled so that when the crucible is in 
use, the said longitudinal axes are disposed at an 
angle to the said substrate which angle is closer to 
perpendicular than the longitudinal axis of the 
crucible . 

13. Apparatus according to Claim 12 wherein the 
longitudinal axes of the orifice channels are 
substantially mutually parallel. 

15 14. Apparatus according to Claim 12 or Claim 13 
wherein the region of the cover plate where the 
orifices are formed is substantially flat. 

15. Apparatus according to any of Claims 12 -14 

20 wherein the cover plate has a heating means integral 
with it. 3 

16. Apparatus for the deposition of layers on a 
substrate by Molecular Beam Epitaxy, said apparatus 
consisting of an evacuated housing containing a 
substrate holder for holding the substrate and one or 
more sources for generating a beam of material, the 
source and substrate being disposed so that material 
from the source is deposited upon the substrate, at 
least one said source consisting of an open-ended 
crucible for containing the material to be deposited 
a heating means for heating the material contained 
within the crucible so that a beam of material vapour 
is generated, and a cover plate for covering the open 
end of the crucible, the cover plate having a 
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plurality of orifices formed within it, characterised 
in that the longitudinal axes of at least some of the 
orifices are formed at an angle to the longitudinal 
axis of the crucible, a further heating means being 
formed integrally with said cover plate. 

17. A cover plate suitable for use in the apparatus 
of any of the previous claims. 
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